Involvement of (Na+ + K+)-ATPase in binding and actions of palytoxin on human erythrocytes.
Palytoxin (about 1 pM) increases the permeability of human erythrocytes. We now report its radiolabeling with 125I, followed by affinity purification on porcine kidney membranes. The resulting ligand binds fast and reversibly to intact erythrocytes. The Kd from velocity and equilibrium measurements is 2 X 10(-11) M, and the number of binding sites about 200 per cell. Binding is promoted by divalent cations (Ca2+ greater than Sr2+ greater than Ba2+) and by borate. It is inhibited by K+ (IC50 2 mM), ouabain (IC50 3 X 10(-9) M) and ouabagenin (IC50 6 X 10(-6) M). Conversely, [3H]ouabain is displaced by the substances and concentrations mentioned, and also by palytoxin (Ki 3 X 10(-11) M). Dog erythrocytes, which are known to possess a very low (Na+ + K+)-ATPase activity, are resistant to and lack specific binding sites for palytoxin. Binding of 125I-palytoxin, like that of [3H]ouabain, depends on the state of (Na+ + K+)-ATPase. ATP depletion decreases binding of both ligands to erythrocytes. Binding of 125I-palytoxin and [3H]ouabain to red cell stroma is partially restored by ATP. In contrast to [3H]ouabain, binding of 125I-palytoxin to red cell stroma is not promoted by Mg2+ and Pi. The data show that (a) all known promoters and inhibitors of palytoxin action on human red cells do so by enhancing or decreasing its binding, (b) (Na+ + K+)-ATPase serves as a receptor for palytoxin, and (c) the antagonism by ouabain is competitive at the receptor level. They support our previous hypothesis that palytoxin increases human erythrocyte permeability by formation of pores through (Na+ + K+)-ATPase or its close vicinity.